20 21 42 MAIN-LIKE 1 (MAIL1) are genic PMDs that are involved in genome stability, developmental processes, 43 and silencing of TEs. The mechanisms involving MAIN and MAIL1 in these cellular processes remain 44 elusive. Here, we show that MAIN, MAIL1 and the phosphoprotein phosphatase (PPP) named PP7-like 45 (PP7L) interact to form a protein complex that is required for the proper expression of genes, and the 46 3 silencing of TEs. Phylogenetic analyses revealed that PMD and PP7-type PPP domains are evolutionary 47 connected, and several plant species express proteins carrying both PMD and PPP domains. We 48 propose that interaction of PMD and PPP domains would create a functional protein module involved 49 in mechanisms regulating gene expression and repressing TEs. 50 51 54 DNA repeats such as transposable elements (TEs) [1-3]. Constitutive heterochromatin is highly 55 condensed and enriched in silenced TEs that are targeted by DNA methylation and histone H3 lysine 56 9 dimethylation (H3K9me2). Euchromatin is more relaxed and composed of genes that are more 57 permissive to transcription, depending on the recruitment of transcription factors (TFs), cofactors and 58 RNA polymerases [1, 4]. In plants, DNA methylation occurs in three different cytosine contexts: CG, 59 CHG and CHH (where H = A, T or C), involving specialized DNA methyltransferases [5]. In Arabidopsis 60 thaliana, DOMAINS REARRANGED METHYLTRANSFERASE 2 (DRM2) and DRM1 mediate de novo DNA 61 methylation in all sequence contexts through the RNA-directed DNA methylation (RdDM) pathway, 62
. PP7 is also 87 involved in the perception of red/far red light by controlling the phytochrome pathway [23, 24] . In 88 addition to PP7 and MAIL3 (also known as "long PP7"), the protein PP7-like (PP7L) belongs to the same 89 phylogenetic clade [20] . PP7L was recently identified as a nuclear protein involved in chloroplast 90 development and abiotic stress tolerance [25] . The pp7l mutant plants showed photosynthetic defects 91 and strong developmental phenotype associated with misregulation of several genes [25] .
92
In this study, we described a forward genetic screen based on a GFP reporter gene that 93 allowed us to identify a mutant population in which MAIN is mutated, leading to GFP overexpression.
94
We then deciphered the genetic interaction between the DRM2, CMT3 and MAIN, showing that these 95 proteins are part of different epigenetic pathways that act redundantly or synergistically to repress 96 TEs. Biochemical analyses indicated that MAIN and MAIL1 physically interact together. These analyses 97 also identified PP7L as a robust interactor of MAIN and MAIL1 proteins. In addition, the 98 5 characterization of developmental and molecular phenotypes of pmd and pp7l single and double 99 mutant plants strongly suggest that these proteins interact together to silence TEs, and regulate the 100 expression of a common set of genes. Finally, phylogenetic analyses allowed us to determine the 101 distribution of PMD and PP7/PP7L domains among the Eudicots. Based on these analyses, we have 102 evidences of co-evolution linked to the neo-association of the PMD and PP7-type PPP domains on 103 single proteins in several Eudicot species, suggesting a convergent evolution between these two 104 protein domains. 
108
The ATCOPIA28 retrotransposon AT3TE51900 (hereafter called ATCOPIA28) is targeted by 109 several epigenetic pathways such as DNA methylation and the MORC1/6 complex, which altogether 110 contribute to its repression. We engineered a construct in which the 5' long terminal repeat (LTR) 111 promoter region of ATCOPIA28 controls GFP transcription ( Fig 1A) . While the ATCOPIA28::GFP 112 transgene is fully silenced in wild type (WT) plants, it is weakly expressed in the DNA methylation-113 deficient drm1 drm2 cmt3 (ddc) triple mutant background ( Fig 1B) [26]. We performed an ethyl 114 methane sulfonate (EMS) mutagenesis using the ATCOPIA28::GFP ddc plants as sensitized genetic 115 material, and screened for mutant populations showing GFP overexpression. Among, the selected 116 populations, we retrieved two new mutant alleles of MORC6 carrying missense mutations in either 117 the GHKL or S5 domains of the protein (S1A-C Fig x main-2 plants that did not express the GFP (S1F Fig) homozygote for the drm2 mutation, half of them segregated the cmt3 mutation. Thus, altogether, 131 these analyses suggested that ATCOPIA28::GFP silencing is more DRM2-than CMT3-dependent. More 132 importantly, they confirmed that MAIN was the mutated gene causing the upregulation of 133 ATCOPIA28::GFP and several endogenous TEs. Therefore, ddc #16 was renamed ddc main-3.
135
The MAIN, DRM2 and CMT3 pathways act synergistically to repress TEs and DNA-methylated genes.
136
To determine the genetic interaction of ddc and main-3 mutations on TE silencing, we carried 137 out two independent RNA sequencing (RNA-seq) experiments in the hypomorphic main-3 single, ddc 138 triple and ddc main-3 quadruple mutant plants ( and S1 Table) [11]. Loss of TE silencing was also observed to a milder degree in the main-3 mutant, 141 with the significant enrichment of pericentromeric TEs among the upregulates TEs (Fig 2B-D and S2B   142   Fig, and S1 Table) . The ddc main-3 mutant showed an exacerbation of TE silencing defects, with a large 143 number of pericentromeric TEs being specifically upregulated in this mutant background ( Fig 2B-D 
152
Several genes were also misregulated in the three mutant backgrounds (S1 Table) . Among 153 these genes, a subset was commonly upregulated in ddc, main-3 and ddc main-3 (S2E Fig Fig 2F) . This is consistent with the fact that all the F2 ddc #16 x main-2 166 plants overexpressing ATCOPIA28::GFP were drm2 homozygote, although they segregated the cmt3 167 mutation (S1F Fig) . Further analyses showed that most of the tested TEs tend to be more expressed 168 in cmt3 main-3 than in dd main-3, with the exception of ATIS112A that was more upregulated in dd 169 main-3 than in cmt3 main-3 ( Fig 2G) . In conclusion, these analyses showed complex genetic 170 interactions between the DRM2, CMT3 and MAIN pathways, suggesting that MAIN and DNA 171 methylation pathways act synergistically to repress TEs and DNA-methylated genes. 
182
Analyzing these three RNA-seq experiments together allowed to identify large numbers of genes and 183 TEs that were misregulated in the main-2 and mail1-1 null mutants (Fig3A and B, and S2 Table) .
184
We then compared the transcriptomes of main-2 and mail1-1 mutants, together with the 185 main-3 mutant allele (Fig3A and B, S1 and S2 Tables). As expected by the fact that main-2 and mail1-186 1 are null mutants while main-3 is a hypomorphic mutant allele, we identified greater numbers of 187 misregulated loci in main-2 and mail1-1 in comparison to main-3 (Fig3A and B). Fractions of these loci 188 were specifically misregulated in each mutant background ( Fig 3C and D) . In addition, we identified 189 subsets of genes and TEs that were only misregulated in main-2 and mail1-1 null mutants, but not in Table) . Finally, these analyses revealed subsets 191 of loci that were commonly misregulated in the three mutant backgrounds ( Table) .
193
The biggest overlaps between misregulated loci in main-2, mail1-1 and main-3 mutants were 194 among the downregulated genes and upregulated TEs, whereas only a small proportion of genes 195 commonly upregulated in main-2 and mail1-1 were also upregulated in main-3 ( Fig 3D) . As observed and genes that were downregulated in main-2 and mail1-1 were not targeted by DNA methylation, 198 and mostly located in the chromosome arms ( Fig 3E) . However, unlike in main-3, the upregulated 199 genes in main-2 and mail1-1 were not enriched in pericentromeric regions, and only small fractions of 200 them were DNA-methylated genes ( Fig 3E) . This discrepancy can be explained by the fact that main-2 201 9 and mail1-1 null mutations have a much greater impact on the misregulation of gene expression than 202 the hypomorphic main-3 mutant allele.
203
Finally, we compared the sets of misregulated loci in main-2, mail1-1, ddc and ddc main-3 (S1 204 and S2 Tables). We found significant overlaps among upregulated genes and TEs between main-2, 
212
In conclusion, these comparative analyses allowed to precisely define the loci that were 213 misregulated in main-2 and mail1-1 in comparison to main-3, ddc and ddcmain-3 mutants. Among 214 these loci, several TEs and DNA-methylated genes are commonly targeted by the MAIN, MAIL1, DRM2 215 and CMT3 pathways, which suggests that MAIN, MAIL1 and DNA methylation pathways cooperate to 216 silence these TEs and DNA-methylated genes. Besides, several genes are downregulated in main-2 and 217 mail1-1, and subsets of these genes are also downregulated in main-3, and ddcmain-3 but not in ddc.
218
This suggests that the MAIN and MAIL1 act independently of DRM2 and CMT3 to ensure the 219 expression of these genes. Finally, these results revealed important overlaps between the 220 misregulated loci in main-2 and mail1-1 null mutants, which strongly suggests that the two proteins 221 act in the same pathway to regulate the expression of common sets of loci. 
223

Slight increase in non-CG methylation in the main-2 mutant does not correlate with changes in gene
225
Whole genome bisulfite sequencing (BS-seq) analyses showed that, at the chromosome scale,
226
DNA methylation level is mostly unchanged in main-2 in comparison to WT, with the exception of a 227 10 slight increase in CHG methylation in pericentromeric regions ( Fig 4A) . Subtle but statistically 228 significant CHG hypermethylation was further confirmed in pericentromeric TEs and genes, which are 229 mostly TE genes ( Fig 4B and C) . Slight CHG and CHH hypermethylation was also detected in TEs located 230 in chromosome arms ( Fig 4D) . Conversely, genes located in chromosome arms did not show significant 231 changes in DNA methylation level in main-2 ( Fig 4E) . Identical results were obtained by analyzing the 232 DNA methylation level at upregulated TEs and misregulated genes in main-2 ( Fig 4F-H) . We then 233 analyzed the DNA methylation level at genomic locations previously defined as differentially 
245
The main-2 and mail1-1 null mutants display similar molecular and developmental 246 phenotypes (Fig 3 and Fig 5A) . Thus, we hypothesized that MAIN and MAIL1 proteins may act in the 247 same pathway, possibly by interacting together. To test this hypothesis, we generated transgenic lines 248 expressing FLAG-and MYC-tagged genomic PMD versions driven by their endogenous promoters. We 249 confirmed that epitope-tagged MAIN and MAIL1 proteins were produced at the expected sizes, and 250 they could complement the respective developmental phenotypes of null mutant plants ( Fig 5A and Comparative analyses revealed that significant proportions of loci were commonly 278 misregulated in main-2, mail1-1, pp7l-2 and mail1-1 pp7l-2 mutants, which is consistent with the fact 12 that MAIN, MAIL1 and PP7L interact together to possibly regulate gene expression and silence TEs (Fig   280   6B-D and S5 Table) . These analyses also identified loci that were specifically misregulated in main-2, 281 mail1-1 or pp7l-2, which suggests that each protein is independently required for the proper 282 expression of subsets of loci ( Fig 6B-C) . Besides, these analyses revealed loci that were exclusively 283 misregulated in the mail1-1 pp7l-2 double mutant, which implies that PP7L and MAIL1 may act 284 redundantly to ensure the proper expression of these loci (Fig 6B-C) . Further analyses showed that, 285 among the loci that were misregulated in mail1-1 pp7l-2, upregulated genes were significantly more 286 expressed in the double mutant than in each single mutant, and upregulated TEs were significantly 287 differentially expressed only between mail1-1 pp7l-2 and pp7l-2 mutants (Fig 6E-F) . Conversely, there 288 was no significant difference of expression between the double mutant and single mutants for the 289 downregulated genes ( Fig 6G) . Thus, these analyses suggest that combining the pp7l-2 and mail1-1 290 mutations may lead to synergistic defects mostly at genes that are upregulated in the double mutant.
291
We then performed in silico analyses to identify enriched DNA motif within a 1kb promoter 292 region upstream of start codon of genes that were up-or downregulated in the different mutant 293 backgrounds. We could not detect any enrichment of a DNA motif among any lists of upregulated 294 genes (including overlapping lists). Likewise, we could not identify a DNA motif enriched in the lists of 295 downregulated genes in pp7l-2 or ddc. However, we identified a discrete DNA motif (hereafter called 296 'DOWN' motif) that was partially enriched in the promoter of genes that were downregulated in main-297 2, mail1-1 and mail1-1 pp7l-2 mutants (S5E Fig). The main-2, mail1-1, pp7l-2 and mail1-1 pp7l-2 null 298 mutants display strong developmental phenotype, and large numbers of misregulated loci ( Fig 6A) .
299
Therefore, it is likely that some of the gene misregulation observed in these mutants might be due to 300 side effects of the mutations. To overcome this issue and refine our analysis, we investigated the Table) . It was further enriched in the promoters of 307 genes commonly downregulated in all the mutant backgrounds -except ddc -analyzed in this study: 308 twenty-five out of twenty-six genes, 96% of enrichment (S5E Fig, S6 and S7 Tables) . We analyzed the 309 DNA methylation level of the 'DOWN' motif in the promoters of these twenty-five genes in WT and 310 main-2, and found that this DNA motif was not targeted by DNA methylation. Besides, further analyses 311 showed that only a small fraction of all Arabidopsis genes carried the 'DOWN' motif in their promoter 312 (12,46%, S5E Fig) . Finally, random test analyses based on twenty-six randomly picked genes strongly 313 suggested that the enrichment of the 'DOWN' motif in the promoter of downregulated genes was 314 substantial (S7 Table) .
315
Thus, altogether, these analyses showed that MAIN, MAIL1 and PP7L are equally required for 316 the repression of several genes and TEs. The three proteins are also required for the proper expression 317 of a common set of genes that are downregulated in each single mutant as well as in mail1-1 pp7l-2 318 double mutant, and significant fractions of these downregulated genes carry the 'DOWN' DNA motif 319 in their promoter. Furthermore, the 'DOWN' DNA motif is strongly enriched among the genes that are the condensation level of chromocenters in pp7l-2 nuclei in comparison to WT (Fig 7) . Instead, we 337 observed that pp7l-2 nuclei were proportionally more condensed than WT nuclei (Fig 7) . This is likely 338 due to the fact that pp7l-2 mutant displays abnormal phenotype and growth delay in comparison to S8 Table for a list of species   358 and their corresponding codes used in Fig 8, 
359
In our phylogenetic analysis, the genic PMD-C family can be clearly separated in two major 360 clades. The first clade is composed of orthologues of A. thaliana MAIL2, MAIL1 and MAIN, while the 361 second one includes orthologues of A. thaliana MAIL3 (Fig 8A) . MAIL2 orthologues were found in all 362 species tested, forming a closely related group, which suggests that they are under strong purifying 363 selection (see the very short branch lengths linking most MAIL2 genes in Fig 8A) . In several species, 364 additional MAIL2 paralogues were also detected. They were either imbedded in the major MAIL2 365 group, or forming independent and more divergent subgroups, like in the case of MAIL1 and MAIN 366 that are Brassicaceae-specific MAIL2 paralogues. By comparison, MAIL3 orthologues were not found 367 in all Eudicot species tested, and, except in Brassicaceae, MAIL3 genes appear to be under much 368 weaker purifying selection compare to MAIL2 and MAIL2-like genes (see the longer branch lengths in 369 the tree of Fig 8A) . Brassicaceae MAIL3 genes contrast with other MAIL3, by forming a closely related 370 group in the phylogenetic tree. This suggests a clear change in selection pressure, typical of a 371 neofunctionalization event that could correlate with the acquisition of the PPP motif by these genes 372 ( Fig 8B and see below) . Remarkably, another fusion event between PMD-C and PPP motifs occurred 373 independently in grapevine, but this time involving a MAIL2 paralogue (VvMAIL2.2, Fig 8A) .
374
We then used the PPP motif found in A. thaliana MAIL3, to collect orthologous genes and 375 retrace the evolution history of this motif in the same Eudicot species used above. We confirmed that 376 these genes can be clearly separated in two distinct clades: PP7 and PP7-like (PP7L) ( Fig 8B) . All tested We also identify TEs that are upregulated in either ddc or main-3 mutants, but display 406 stronger misregulation in the ddc main-3 higher order mutant (Fig 2 and S2 Fig). Finally, we identify a 407 large class of TEs that are only upregulated in ddc main-3 (Fig 2 and S2 Fig) . Altogether, these analyses 408 reveal complex genetic interaction between the MAIN, DRM2 and CMT3 proteins to silence TE.
409
Previous work showed that DNA methylation is not impaired in mail1-1 [15] . We found that DNA 410 methylation is mostly unaffected in the main-2 null mutant. However, we detected a mild but 411 significant hypermethylation at non-CG sites in TEs and pericentromeric genes (Fig 4) . One hypothesis 412 is that CHG and CHH hypermethylation observed in main-2 is a backup mechanism to compensate for 413 MAIN loss of function, and to dampen TE silencing defects. Although further studies will be required 414 to test this hypothesis, it is consistent with the fact that combining the main-3 and ddc mutations 415 leads to an exacerbation of TE silencing defects. Thus MAIN, DRM2 and CMT3 pathways cooperate to 416 silence TE. Synergistic effects between different epigenetic pathways have already been described.
417
For instance, it has been shown that MORPHEUS MOLECULE 1 (MOM1) and MORC1/MORC6 proteins, 
424
Recently, the putative phosphoprotein phosphatase PP7L was involved in the biogenesis of 425 chloroplasts and plant response upon abiotic stress [25] . Here, we show that PP7L interact with MAIN 426 and MAIL1, and main-2, pp7l-2, mail1-1 single and mail1-1 pp7l-2 double mutant plants display similar 427 developmental and molecular phenotypes (Fig 5 and 6) . We also show that, as described for main-2 428 and mail1-1 [15], the subnuclear distribution of chromocenters and H3K9me2 are unaltered in pp7l-2 429 (Fig 7) . The 106B pericentromeric repeats appeared decondensed in main-2 and mail1-1 mutants [15], 430 future work will determine if similar phenotype is observed in pp7l-2. Although MAIN, MAIL1 and PP7L 431 interact together, we cannot exclude that an additional protein is required for the interaction. In 432 addition, PP7L may have additional partners independently of MAIN and MAIL1. Further biochemical 433 studies such as IP-MS analyses using the FLAG-tagged PP7L line will contribute to addressing these 434 points.
18
Transcriptomic analyses revealed complex genetic interaction between MAIN, MAIL1 and PP7L; 436 the three proteins acting either independently or together to ensure the proper expression of genes, 437 and to perform TE silencing. Moreover, transcriptome profiling of mail1-1 pp7l-2 double mutant 438 revealed that the two mutations may have synergistic effects, specifically at genes that are 439 upregulated in the mutant. To further study the genetic interaction between the three proteins, it will 440 be important to analyze the transcriptome of main-2 mail1-1 pp7l-2 triple mutant. Altogether and 441 considering that i) MAIN, DRM2 and CMT3 pathways cooperate to silence TEs, and ii) the main-2 442 mutant show a slight increase in DNA methylation at CHG and CHH sites, we cannot rule out that MAIN 443 is playing a dual role: regulating gene expression through its interaction with MAIL1 and PP7L, and 444 involved in TE silencing through its genetic interaction with DNA methylation. In the future, it will be 445 important to analyze DNA methylation in pp7l-2, but also in pmd pp7l-2 higher order mutants. In 446 parallel, studying the ddc pp7l-2 mutant will allow to further decipher the genetic interaction between 447 the PP7L and DNA methylation pathways.
449
A fraction of genes that are commonly downregulated in main, mail1 and pp7l mutants carry the 450 'DOWN' motif in their promoters.
451
A substantial fraction of genes that are commonly downregulated in main-2, mail1-1, pp7l-2 452 and mail1-1 pp7l-2 carry the 'DOWN' motif in their promoter (S5E Fig and S7 Table) . Furthermore, 453 twenty-five out of twenty-six genes commonly downregulated in the all the mutant backgrounds 454 analyzed in this study -except ddc -carry the 'DOWN' DNA motif in their promoter ( S5E Fig and S7 455 Table) . The 'DOWN' motif is also enriched in fractions of downregulated genes in main-2, mail1-1, 456 mail1-1 pp7l-2, main-3 and ddc main-3. However, it is not enriched among downregulated genes in 457 pp7l-2 mutant. One explanation for this discrepancy is that too many loci were identified as 
479
In this study, we identified PP7L has a protein partner of the two standalone PMDs MAIN and 480 MAIL1, and showed that these proteins are required for the proper expression of a common set of 481 genes, and for TE silencing. Besides, we showed that the Brassicaceae MAIL3 and the grapevine 482 VvMAIL2.2 proteins carry a PMD fused to a PP7 domain. Based on these results, we hypothesize that 
500
Nevertheless, in both scenarios, it is likely that PMD and PP7/PP7L association creates a functional 501 protein module, which might be specialized in distinct biological processes depending on its 502 composition. Thus, we hypothesize that the MAIL3 and MAIN/MAIL1/PP7L protein complexes play 503 different role in the plant. This is consistent with the fact that, unlike main-2, mail1-1 and pp7l-2 504 mutant, the mail3-2 mutant does not show abnormal developmental phenotype [17] . Further studies 505 will be required to describe the role of MAIL3 in the plants.
506
In conclusion, we show here that the two A. thaliana PMD MAIN and MAIL1 proteins interact with 507 PP7L, and are involved in the regulation of a common set of genes and TEs. In addition, we show that cloning and PCR genotyping are described in S10 Table. 549 550 EMS mutagenesis, GFP screening and mapping analyses. Five thousand seeds of ATCOPIA28::GFP ddc 551 were mutagenized in 0.26% EMS solution for 12 hours with rotation. Seeds were subsequently washed 552 with water and sown on soil. Fifteen hundred M2 populations were collected, and subsequently 553 screened for GFP fluorescence under UV light using a SMZ18 Nikon Fluorescence Stereomicroscope 554 coupled with the C-HGFI intensilight fluorescence filter. Pictures were taken using the DS Qi1MC digital 555 camera kit. Mapping and identification of the EMS mutation responsible for the phenotype were 556 performed by bulk segregant analysis coupled with deep genome re-sequencing as previously 557 described [12], with the following differences. Reads were mapped against the reference genome 558 (Arabidopsis TAIR10) and single nucleotide polymorphisms called in Geneious (Biomatters). Using R, 559 single nucleotide polymorphisms were filtered for EMS mutations (G:C→A:T) and zygosity called 560 based on the variant frequency provided by Geneious (≥80% homozygous mutation, ≥45%, and ≤55% 561 heterozygous mutation). Plots were then created by calculating the ratio of the number of 562 homozygous and heterozygous and mutations in a 500-kb window as previously described [34] . 
570
FLAG constructs using the Agrobacterium-mediated floral dip method [33] . Primer sequences are 571 described in S10 Table. 572 573 IP and MS analysis. Ten grams of 3-week-old seedling tissue were ground in liquid nitrogen and 574 resuspended in 50mL ice-cold IP buffer [50mM Tris HCl pH 7.6, 150mM NaCl, 5mM MgCl2, 0.1% 575 Nonidet P-40, 10% glycerol (v/v), 0.5mM DTT, 1x Protease Inhibitor Mixture (Roche)] and centrifuged 576 2 times for 15 min at 4°C at 15 350g. 400µL of M2 magnetic FLAG-beads (Sigma, M8823) were added 577 to the supernatants, and incubated for 90min rotating at 4°C. M2 magnetic FLAG-beads were washed 578 seven times in ice-cold IP buffer for 5 min rotating at 4°C, and immunoprecipitated proteins were 579 eluted 3 times with 150µL 3x-FLAG peptides (Sigma, F4799) for 25 min each at 25°C. The eluted protein 580 complexes were precipitated by trichloroacetic acid and subjected to MS analyses as previously 581 described [13] . Peptide and protein-level false discovery rates were calculated by the DTASelect 582 algorithm using the decoy database approach. Based on a peptide PSM level p-value filter of less than 583 0.01 and a requirement for at least two peptides per protein, the protein-level false discovery rate 584 was less than 1% for all proteins detected.
586
Co-IP and immunoblotting. 0.5 g of 3-week-old seedling tissue were ground in liquid nitrogen, 587 resuspended in 1.5mL ice-cold IP buffer [50mM Tris pH 7.6, 150mM NaCl, 5mM MgCl2, 0.1% Nonidet 588 P-40, 10% glycerol, 0.5 mM DTT, 1x Protease Inhibitor Mixture (Roche)], and centrifuged 2 times for 589 24 15 min at 4°C, 16 000g. 50µL M2 magnetic FLAG-beads (Sigma, M8823) were added to the 590 supernatants and incubated for 2 hour rotating at 4°C. Beads were washed 3 times in ice-cold IP buffer 591 for 10 min rotating at 4°C. Immunoprecipitated proteins were denatured in Laemmli buffer for 5min 592 at 95°C. 10µL of input and bead elution were run on 10% SDS-PAGE gels, and proteins were detected 593 by western blotting using either Anti-FLAG M2 monoclonal antibody-peroxidase conjugate (Sigma, 594
